Abstract We present a model for the study of risk and return of household assets in village economies. The model yields similar insights and predictions to those derived from the traditional Capital Asset Pricing Model (CAPM) and the Consumptionbased Asset Pricing Model (CCAPM) in finance literature. We apply our model to the monthly panel data from a household survey in rural Thailand. First, we find that higher exposure to aggregate, non-diversifiable risks, as measured by household beta, or the co-movement of individual returns with the aggregate, is related to higher expected return on household assets. This finding is consistent with a major prediction from our model. The result is robust when we extend our definition of the aggregate economy or the market from village to province, and to the entire sample, or focus our definition to kinship networks within a village. The result is also robust when we control for household demography, asset sizes, and household occupations. We then use the prediction from the model to compute the risk-adjusted return for each household, i.e. the household alpha in CAPM terminology. Finally, we apply our model to the study of the village equity premium and estimate the implied coefficient of relative risk aversion. In contrast to "the equity premium puzzle" in the finance literature, our data at the less aggregate levels deliver estimates with a reasonably low magnitude. We also find that the larger the definition of the market, the more unreasonable magnitude of the implied risk aversion coefficient.
Introduction
An analysis of household finance is important for households in developing countries. It helps us gain a greater understanding of behavior, evaluate existing policies targeting poverty, and potentially help remove distortions in financial markets. As argued in Samphantharak and Townsend (2010) , many households in developing countries are not simply consumers supplying factor inputs and purchasing and consuming outputs. They are also engaged in production in both farm and non-farm activities. As a result, measuring the risk and return of these household enterprises is important as it helps us understand the productivity and vulnerability of the households and their business enterprises. In order to study risk and return, however, we need an appropriate framework. This paper takes a model to the study of risk and return of the households in a village economy in developing countries. The model also shares the same insights as those derived from the standard asset pricing theories.
This paper contributes to existing literature both in finance and in development economics in several ways. First, we present a model parallel to the traditional Capital Asset Pricing Model (CAPM) and the Consumption-based Asset Pricing Model (CCAPM) in asset pricing literature and apply it to the household enterprises. We therefore link the study of risk and return in the finance literature to risk preferences using data at the household level. We contribute to finance literature that typically relies on aggregate data to explain asset risk and return while lacking consumption data at the household level.
Second, for the development economics literature, this paper defines and measures risk in a way consistent with economics and finance theories. It provides a practical computation and application of risk-adjusted returns as a measure of productivity. Research on the performance of household enterprises in development economics usually relies on the rate of return on assets as a measure of household enterprise productivity. However, the conventional rate of return on assets (ROA) may not be a good measure of productivity if it also captures the risk premium of the technology. In other words, households with higher (average) ROA could be the households with risky production technology, and therefore are compensated for their risks by having higher average returns. In order to compare the productivity of the household enterprises, we need a risk-adjusted rate of return instead. This paper presents a model and applies it to the study of risk and returns on assets in a village economy. The insight from the model is equivalent to what is suggested by the traditional CAPM in the finance literature. Namely, under certain assumptions for the environment, the model postulates that only the aggregate risks are priced, while the idiosyncratic risks are diversified away. Based on the model, the measure of risk for each asset, termed its asset beta, is the co-movement of the household ROA and the market ROA. We use the data from household financial accounts to answer the key question: do households with higher risks (higher beta) tend to have higher expected ROA?
Specifically, in the empirical sections, we apply the model to monthly panel data from the Townsend Thai Survey, an integrated household survey conducted in rural and semiurban villages in Thailand. We rely on derived household financial data constructed in Samphantharak and Townsend (2010) . We consider the kinship group, village, province, and the entire sample as our various definitions or extents of the aggregate economy or the market. We do find that higher exposure to aggregate, non-diversifiable risk, as measured by household beta, is related to a higher expected return on assets of the households, largely consistent with a prediction from the model presented in this paper, which is in turn consistent to the prediction from CAPM. This finding is robust across our various definitions of the aggregate economy or the market. The result is also robust to the inclusion of other household characteristics such as demography, total assets, and occupational choices into the regressions. We then use the risk premium implied by the model to compute the household's risk-adjusted return, termed the household alpha. We argue that household alpha is a better measure of the performance of household enterprise as it does not include risk premium to aggregate risks.
Finally, we apply our model to the study of village equity premium and estimate the implied coefficient of relative risk aversion at the village, province, and entire sample levels. In contrast to "the equity premium puzzle," in which aggregate consumption from national income account and stock market return yield extraordinarily high estimates of the coefficient of risk aversion, our data at the less aggregate levels deliver estimates with a reasonable low magnitude. We also find that the larger the definition of the market, the more unreasonable the magnitude of the implied risk aversion coefficient. This finding suggests that the large definition of market may have financial system that is less well integrated than as assumed by most traditional asset pricing models.
The paper proceeds as follows. Section 2 presents the model that we use to study risk and return of village economies. Section 3 describes the data from the Townsend Thai Monthly Survey that we use in our empirical study in Section 4. Section 5 distinguishes risk premium from the productivity of household enterprises. In Section 6, we explore whether the return on household assets is related to household demography and occupations. In Section 7, we discuss the equity premium puzzle and compare it with the estimates from the Townsend Thai Monthly Survey data. Finally, we conclude in Section 8.
A Model

Social Planner's Problem
We start with an economy that consists of J households, indexed by j = 1, 2,... J. There are I production activities, indexed by i = 1, 2,... I, that utilize capital as the only input. Each production technology yielding the same consumption good is linear in capital. Let k i j be the assets operated in production activity i by household j as of the end of the previous period, and let r i j be their returns, net of depreciation, yielded at the beginning of the current period.
At the beginning of each period, the economy starts with aggregate wealth, W , which consists of the assets ("the trees") held from the previous period plus their returns. Since we assume a linear production technology with capital as the only input, the net income generated by all of the assets held by household j ("the fruit") is therefore 
where ! be the discount factor, ! j is the Pareto weight for household j, u j (!) is the period utility function of household j, and W is the aggregate wealth of the whole economy at the beginning of the current period, i.e.
Therefore, the value function can be rewritten as 
where µ is the shadow price of consumption in the current period. Finally, we get
where R i j / = 1 + r i j / . Finally, m / is defined as
There are some properties of equation (5) that are worth mentioning here. First, m / is a stochastic discount factor, which is common across households and assets. Second, the model implies that equation (5) holds for each of the assets allocated to production activity i run by household j, for all i and all j. This equation is equivalent to the "pricing equation" derived in the consumption-based asset pricing model. 1 Finally, equation (5) also holds for any of the portfolios constructed by any combinations of the assets k i j / for all i and all j. This is because the production technology is linear in capital. Specifically, if we consider a household as our unit of observation, equation (5) implies that
From equations (6) and (9),
Equally,
where a and b are thus defined.
Next, combining with equation (8) 
Finally, in this case,
which is a linear relationship between the expected return of an asset, E R i 
Data
The data used in the empirical part of this study are from the Townsend Thai Monthly Survey. This section presents the background of the survey, some descriptions of the village economies covered in the survey, and descriptive statistics of the sampled households, the asset they hold, and the returns on those assets.
The Townsend Thai Monthly Survey
The Townsend Thai Monthly Survey is an on-going intensive monthly survey initiated in 1998 in four provinces of Thailand. Chachoengsao and Lopburi are semi-urban provinces in a more developed central region near the capital city, Bangkok. Buriram and Srisaket provinces on the other hand are rural and located in a less developed northeastern region by the border of Cambodia. In each of the four provinces, the survey is conducted in four villages. 4 There are approximately 45 sampled households in each village. This monthly survey began with an initial village-wide census. Every structure and every household was enumerated and the defined "household" units were created based on sleeping and eating patterns. 5 Further, all individuals, households, and residential structures in each of the 16 villages can be identified in subsequent, monthly responses. The survey itself began in August 1998 with a baseline interview on initial conditions of sampled households. The monthly updates started in September 1998 and track inputs, outputs, and changing conditions of the same households over time. 6
The analysis presented in this paper is based on 84 months, the entire sample available at the time of the initial writing of this draft, starting from month 5. The 84 months are from January 1999 through December 2005. This 84-month period also coincides with the calendar years, allowing us to compare our results with and make use of the macroeconomic data provided by other sources. We include in this study only the households that were presented in the survey throughout the 84 months. Since we compute our returns on assets from net income generated from cultivation, livestock, fish and shrimp farming, and retail business, we also exclude from this study the households whose entire income in every period during the 84 months was from wage earnings. There are 486 households in the sample: 124 from Chachoengsao, 93 from Buriram, 137 from Lopburi, and 132 from Srisaket.
The Village Economies
In order to understand the economic environment of the village economies in our study, we present some background about the villages in this subsection in which we illustrate that the villages in our sample are diverse in terms of wealth and combination of different production activities.
[INSERT Table 1] First, we look at total assets, liabilities, and wealth of the villages. Total assets are classified into current assets and fixed assets. 7 Table 1 presents the average of household's total assets (in million baht 8 ) for each of the 16 villages in our sample over the 84 months. The table shows that households in the four villages in Chachoengsao held the largest stock of total fixed assets, followed by Lopburi, the other central region province. The smallest village in Chachoengsao, as measured by total fixed assets per household, was still bigger than the largest village in Lopburi. On the other hand, the smallest village in Lopburi had relatively the same asset size as the largest village in Buriram. Overall, the villages in the two northeastern provinces had much smaller asset per household than the villages located in the central region. The table also shows the total assets (fixed plus current) per household over the same period. Across villages, the ranking of village's total asset sizes is similar to the ranking of village's total fixed assets. The percentages of fixed assets per household out of the household's total assets varied across the 16 villages and ranged from 67% to 96%. Table 1 also present the monthly average of total liabilities per household and total wealth per household. The difference in the sizes of total liabilities per household across the 16 villages was not as striking as the difference in the asset sizes described earlier, although 7 Current assets consist mainly of financial assets (e.g. cash, deposits at financial institutions, lending, ROSCA positions) and inventories (e.g. grains and goods for resale). In this paper, we focus our study on fixed assets only.
8
The exchange rate had fluctuated around 36-45 THB per US dollar over the 48-month period of the data used in this chapter (January 1999 -December 2002 . The exchange rate was approximately 36-37 THB per US dollar at the starting point of our data in January 1999. Given this fluctuation, we report in this paper only the values in local currency. villages in the two central region provinces seemed to have slightly higher total liabilities. As a result, wealth per household of the villages in Chachoengsao and Lopburi were much larger than those in Buriram and Srisaket. The village with highest liability to wealth ratio (0.33) was in Buriram. There were two villages in our sample that had slightly negative average liability to wealth ratios due to some of their households having negative wealth, i.e. Having more liabilities than assets. Average liability to wealth ratios of other villages in our sample ranged from 0.03 to 0.23.
[INSERT Table 2] Next, Table 2 looks at the number of households in our sample, classified by main occupation. Main occupation is defined as the occupation on which a household spent the largest share of their time over the entire 84 months. There are five main occupations in the Townsend Thai Monthly Survey: cultivation, livestock raising, fish and shrimp farming, business, and wage earnings. There are two caveats before we discuss this finding. First, the reader should be reminded however that our sample does not include the surveyed households whole sole income was from wage earnings, as mentioned earlier. Second, some of the households that spent a large share of their time on livestock were actually cultivation households. Since cultivation is seasonal while raising animals used in crop cultivation occurs all year round, data from some of the farming households consequently showed that the housheolds spent more time on their animals than working on crop cultivation. 9
With these caveats in mind, the table shows that wage earning was still a main occupation for many households in most of the provinces except for Srisaket, in which crop cultivation was more common. Fish and shrimp farming was more common in Chachoengsao than the other three provinces. Crop cultivation and livestock farming were the main occupations for the three provinces. Household business enterprises (which include anything but crop cultivation, livestock raising, and fish and shrimp farming) tended to be more common in Chachoengsao. Finally, note that the pattern of main occupations was also diverse across villages within the same province.
[INSERT Table 3] Related, Table 3 presents the monthly average of total village revenues from each production activity (in million baht). The table reveals intriguing findings. Although several households in the northeastern provinces spent a large share of their time on crop cultivation, cultivation revenue contributed to the total village revenue. On the contrary, crop revenue was the main revenue of three villages in Lopburi. The explanation is that Lopburi households grew cash crops that generated higher revenue than rice, which was the primary crop of the households in the northeast. Wage earning also contributed the largest share of total village revenue in five of the eight villages in the northeast, reflecting the fact that labor service provision was important for the sampled households in these villages, even though we excluded the households whose only income was from wage earning from out sample. Sources of revenue in Chachoengsao was very diverse as compared to other three provinces, with one village generating revenue mainly from aquaculture, another on livestock farming, and two others on businesses.
Kinship Networks
Kinship networks are one of the features of village economies where extended family is a common practice. Relatives usually live in the same village and engage in both financial and non-financial transactions among themselves. Trust and effective sanctions of people in the same network also constitute social capital that helps establish informal institutions that substitute the underdeveloped formal institutions. For example, lending and borrowing between relatives might help the households in the area where formal financial institutions do not exist. Since our model allows transfers between households, it is possible that tight-knit networks such as kinship could be an effective extent of the economy rather than a larger geographic region such as the village itself.
In this paper, we construct kinship networks from the information on close familial relatives that are not a part of the household. For each household, the Townsend Thai Monthly Survey asked in the initial baseline survey whether their relatives were still alive and lived within the village. The relatives asked in the questionnaire include parents and siblings of household head, parents and siblings of household head's spouse, and sons and daughters of household head. For each of these relatives, the survey also asks whether the person was still alive and where (i.e. which "building structure" as recorded in the initial census) he or she lived. With this information, we construct a kinship network map for each village by drawing a link between two households that were related.
[ Figure 1 : Example of Network Map] Figure 1 shows a network map from a village in Buriram. The number at each node in the maps represents a structure number of a household in the village. The link between each two nodes implies that the two households are related by kinship. Since we restrict our interest in this paper to relatives living in the same village, we should view our network maps as an illustration of local kinship. For our empirical analysis, we construct a variable that identifies to which network each household belongs.
[INSERT Table 4] Table 4 presents summary statistics on networks for each village in our sample. The table shows that almost all households in the northeastern provinces of Buraram and Srisaket belonged to a kinship network. The percentages were lower in Lopburi, but more than half of the households in each of its four provinces were still considered in a network. Finally, the percentages for villages in Chachoengsao ranged from 35% to 63%. Table 4 also presents a variable measuring the tightness of network density. This variable was computed as the number of links that each household connected to others. For example, if a household reported that they were connected to three other households in the village by kinship relation, then the network density of this household took a value of three. Similar to earlier finding, Table 4 shows that the network density was higher for households in Lopburi, Buriram, and Srisaket, and lower for households in Chachoengsao. Table 5 presents descriptive statistics of households in our sample. The unit of observation is the household. Median household sizes were similar across the four provinces. Chachoengsao seemed to have the largest household size, with the median at 5.0 members, followed by Srisaket at 4.6, Lopburi at 4.3, and Buriram at 4.2. The overall distributions, illustrated by the quartiles, also showed similar rankings. Stratified by gender, the statistics show that there were slightly more females than males in all of the provinces. This pattern was also observed in all quartiles of the distributions. The gender bias was probably from the migration pattern in which more males tended to migrated to work or study outside the village than females.
Household Characteristics
[INSERT Table 5] In terms of age profiles, most of male and female household members were in the range of 15-60 years old, i.e. in the working age. We compute household average age across all members. The median of household average age was higher in the central provinces (39 years for Chachoengsao and 36 years for Lopburi) relative to Northeastern provinces (31 years for Buriram and 34 years for Srisaket). Average education was highest in Chachoengsao (almost 5 years for the median household), followed by Srisaket and Lopburi (almost 4 years). Households in Buriram had the lowest education attainment (slightly higher than 3 years).
Finally, households in the central area seemed to have larger amount of assets and wealth. The median households in Chachoengsao and Lopburi held total household assets of 1.4 and 1.2 million baht, respectively, at the beginning of the 84-month period in January 1999. Since part of these assets could be financed by debts, Table 5 also presents statistics for household wealth or net worth, i.e. household assets net of household liabilities. The ranking is similar in that the median household in Chachoengsao and Lopburi had wealth of 1.3 and 1.1 million baht, respectively, at the beginning of the study. The two provinces in the rural northeast, on the other hand, had less than half of assets and wealth as compared to the two provinces in the central. The median household in Buriram and Srisaket had only 0.51 and 0.47 million baht of total assets, and 0.48 and 0.42 million baht of total wealth, respectively. Again, this finding reflects the fact that the central region was relatively more prosperous.
[INSERT Table 6 ] Table 6 presents descriptive statistics for household occupations. Again, we compute the share of time that all members of each household spend on particular production activities. The findings are similar to the aggregate statistics at the village level reported in Table 2 . Specifically, Table 6 shows that wage earning was the main occupation followed by crop cultivation for all provinces in our sample, except for Srisaket where crop cultivation was the dominant occupation with wage earning second. Fish and shrimp farming was found mainly in Chachoengsao, and almost non-existed in the other three provinces. Household business accounted for approximately 10-15% of time spent in the four provinces. Table 6 also presents the Herfindahl Index (HHI) of time spent by households. The index ranges from zero (complete diversification) to one (complete concentration or specialization). The four provinces in our sample appear to have a similar degree of concentration, with the mean HHI ranging from 0.75-0.80.
Rate of Return on Assets
The Townsend Thai Monthly Survey questionnaire classifies fixed assets into five broad categories, namely household fixed assets, agricultural fixed assets, livestock, business fixed assets, and land and other fixed assets. 10 It is important to emphasize that the classification of fixed assets is mainly for facilitating the interviews. As discussed in Samphantharak and Townsend (2010) , it is difficult if not significantly inaccurate to classify assets into specific occupation categories because each of household assets held by a household in developing countries is often used by the household in several 10 In the questionnaires, household fixed assets include, among others, living room sofa, television, VCR, air conditioner, regular telephone, cellular telephone, refrigerator, sewing machine, motorcycle, car, pick-up truck, long-tail boat, large fishing boat, washing machine, electric iron, gas stove, electric cooking pot, bicycle, and stereo. Agricultural assets include tractor, aerator set, sprinkler, threshing machine, rice mill, and water pump. Business assets include machinery and equipment used for business such as a sewing machine and kitchenware. Land and other fixed assets include land plot, house, crop storage building, building for livestock, building for business, other building, pen for livestock, well, pond, water tank, fruit and other trees, and kitchen garden. If the household also owned any other asset that was worth more than 500 baht at the time of the interview, the asset was also added to the list. In this study, we also include livestock as one of household fixed assets because the animal themselves are one of the physical assets that potentially generate income for the household, and are subject to similar appreciation and depreciation as other fixed assets. (Alternatively, one may consider livestock as inventory, which is a part of current assets rather than fixed assets.) production activities. In the survey, we assign the total value of each asset to a particular activity based on the household's response even though the assets were used in multiple production activities. We also do not double record the value of the same asset under multiple categories. For example, a household that cultivates corns and also runs a retail shop is likely to use its pick-up truck for both agricultural and retail business purposes. If the household reported the pick-up truck in the agricultural asset module of the questionnaire, we consider this pick-up truck entirely as an agricutural asset. Similarly, some assets were also used for non-production purposes. For example, a pick-up truck was likely to be used for the household to travel to a marketplace for grocery shopping. The extreme example is household's land and house. The land and housing structure could be used for both residencial and production purposes.
In this paper, we use a household as our unit of analysis and consider the return on household's total fixed assets instead of the return on specific assets. In effect, we consider household's total fixed assets as an asset portfolio that is composed of multiple individual asset classes, and apply the predictions from our model to the risk and return of this portfolio instead of those of individual assets. We do so for two reasons. First, as just mentioned, it is difficult to make a distinct separation between different types of assets. Although not impossible, it is difficult to assign the percentage use of the assets for distinct activities. Second, imposing some additional assumptions on the data to disaggregate assets into subcategories would likely induce measurement errors that would cause biases in our empirical analysis. We will come back to this concern later in section 4. 11
The rate of return on assets (ROA) is defined as household's accrued net income divided by household's average total fixed assets over the period that the income was generated. This is the standard way that financial accounting measures performance of productive assets. In effect, however, we are ignoring the curvature in possible underlying production functions. We do not attempt to estimate the production functions in this study, effectively assuming marginal and average returns are the same.
Since we would like to get the real rate of return rather than the nominal rate of return, we use the real accrued net income and the real value of household's total fixed assets in the ROA calculation. The real variables were computed using the monthly Consumer Price Index (CPI) at the national level from the Bank of Thailand. Although we realize that the inflation in each village could be different from the national inflation, at the time of writing this paper, we still do not have a reliable of the price index at the village level and have to rely on the national statistics. 12 Simple calculation of ROA raises one obvious problem. In our data, household's simple net incomes embed the contributions from human capital while we are interested in the risks and returns to household's fixed assets. Simple ROA is therefore overestimated. As a remedy, we calculate the compensation to household labor and then subtract this labor compensation from the total household income. This compensation to household labor includes both the explicit wage earnings from external labor markets and the implicit shadow wage from labor spent on household's own production activities. The calculation also takes into account the fact that household selecting into different occupations. 13 [INSERT Table 7 ] Table 7 presents descriptive statistics for household ROA, average over time, both unadjusted and adjusted for compensation to household labor. The table also summarizes the standard deviations of the unadjusted and adjusted ROA by province. Specifically, for each household, we first compute the simple arithmetic average and the standard deviation of its unadjusted ROA over the 84 months of the study. Note that the return are measured at the monthly frequency, but reported in annualized percentage. The results show that medians of monthly average unadjusted ROA were 9.6% in Chachoengsao, 10.3% in both Buriram and Srisaket, and 12.1% in Lopburi. There was considerable variation in returns across households, however. The fluctuation of the unadjusted ROA in central area was lower than the northeast, with the standard deviation around 15% for Chachoengsao and 20% for Lopburi, and around 26% for both Buriram and Srisaket. Table 7 also presents statistics for the Sharpe ratio of household fixed assets. The Sharpe ratio measures the expected excess return as relative to the volatility of the return. Excess return is the difference between the rate of return and the risk-free rate. In this paper, we assume that the risk-free rate is zero for all of the periods and for all of the villages. We make this assumption based on the assumption that (1) the households in our sample have access to a storage technology; (2) the prices of the stored goods change at the same rate as inflation; (3) the depreciation rate of the stored goods is zero; and (4) there is no other risk of holding this good except for inflation risk. In this case, the stored goods could be view as an asset indexed to inflation and have zero real rate of return. As a result, we compute the simple Sharpe ratio as the absolute value of household's monthly average unadjusted ROA divided by the standard deviation of the unadjusted ROA. Table 7 shows that the median Sharpe ratios were relatively low for the two provinces in the northeast, specifically 0.32 for Buriram and 0.36 for Srisaket. The ratios were higher for the two provinces in the central region, 0.55 for Chachoengsao and 0.42 for Lopburi.
Next, we compute the average, the standard deviation, and the Sharpe ratio for the adjusted ROA, i.e. the ROA net of compensation to household labor. The results show that medians of average adjusted ROA were 1.19% in Chachoengsao, 0.60% in Buriram, 4.94% in Lopburi, and 1.60% in Srisaket. Similar to the unadjusted ROA, the fluctuations of adjusted ROA as measured by the standard deviation show that adjusted ROA in Chachoengsao fluctuated the least among the four provinces while adjusted ROA of Srisaket fluctuated most. Also, the median Sharpe ratios were again lower for the two provinces in the northeast, specifically 0.19 for Buriram and 0.21 for Srisaket. The ratios were higher for the two provinces in the central, 0.25 for Chachoengsao and 0.42 for Lopburi.
[INSERT Table 8] Finally, Table 8 presents the time-series mean and standard deviation of aggregate adjusted ROA over the 84-month period for each village, each province, and the entire sample. Lopburi seemed to have the highest aggregate ROA (6.56% for provincial average, ranging from 3.4 to 10.8% for the four villages), followed by Chachoengsao (2.54% for provincial average, ranging from 0.98 to 4.65% for the four villages). The two provinces in the northeast had low ROA, both when considered at the provincial level and when considered each village individually. Overall rate of return for all households in our sample was 3.16%, with standard deviation of 2.37%. 14
Empirical Results
We apply the model presented in Section 2 to the study of risks and returns in a village economy, using the date from the Townsend Thai Monthly Survey. Since our model yields closed-form relationship between risk and expected return parallel to the relationship derived from the traditional Capital Asset Pricing Model (CAPM) in finance literature, we apply the empirical strategies in CAPM literature to our study.
Specifically, we perform the tradition cross-sectional tests of our model. The test contains two stages. In the first stage, we compute the asset beta of household's (portfolio of) fixed assets from the time-series regression. We do this to get household's ! j for all j. As discussed earlier, we use each household's total fixed assets as unit of observation rather than separating each particular asset operated by each household. The model presented in Section 2 however also applies to risk and return of portfolios of assets in addition to those of individual assets. The first stage, time-series regression specification is
We use four different levels of the economy in our empirical study. First, we define a village as the aggregate economy in our model. Second, we expand the extent of the economy to provincial level. Since all of the four villages in the same province are located in the same district (tambon), the results from provincial analysis are in fact the results at the district level. Third, we use the entire sample in 16 villages as our definition of the aggregate economy. Finally, since we are also interested in the role of networks, we apply our model to the empirical study at the network level. 15
In order to perform the test, we first define a collection of households in a village as our aggregate economy and use village average returns on assets as market return R M / .
Market returns are computed as total net income in the village divided by village's total fixed assets (simple average between beginning and end of month). To avoid the effect of each household j's return on village return, for each household j, we do not include the household's own net income in the calculation of its corresponding village return. Again, the market return is computed as the real rate of return, using the same price index as the calculation of the rates of return on household's fixed assets.
Again, we assume that the risk-free rate is zero for all of the periods, i.e. R f = 1 . With zero real risk-free rate, the excess returns on assets are simply the returns on assets. The first stage, time-series regression specification in equation (13) becomes
In the second stage, we compute the expected rate of return on assets of household j, E R j ( ) , and the expected market (village) return, E R M ( ) . Empirically, these expected returns are computed as simple time-series averages of monthly rate of returns. We then run a cross-sectional regression of expected return on assets of households in our sample on their beta, for each village at a time.
In theory, the null hypotheses from the model are that ! = E R M ( ) , and that the constant term ! is zero.
[INSERT Table 9 ] Table 9 reports the second-stage regression results when we use villages as markets. For the 16 villages in our sample, the results show that regression coefficient beta is significantly positive for 14 of them, with the only exceptions of one village in Chachoengsao and one village in Srisaket. From this result we would conclude that a major implication of the model captures a substantial part of the data. In particular, higher risk, as measured by the co-movement of household ROA and village ROA, is associated with higher average return.
We then look at a stronger null hypothesis predicted by CAMP, comparing the magnitude of the regression coefficient ! with the village expected return, computed by a simple time-series average of village ROA and previously reported in Table 8 . The result shows that we cannot reject the null hypothesis that Finally, although the result shows that we cannot reject the null hypothesis that the constant term ! is not significantly different from zero for eight of the 16 villages, we decide not to overemphasize this result. The main reason is that the estimates of the constant could largely reflect the risk free rate if our assumption on zero risk-free rate does not hold.
[INSERT Table 10 ] Table 10 extends the definition of the market from villages to provinces (columns 1 to 4) and to the entire sample (column 5), redoing all necessary calculations. The results show that the regression coefficient beta is positive for all of the regressions. However, all of the regression coefficients are statistically different from the expected provincial return, as computed by a simple historical time-series average of provincial ROA. Also, only Buriram has the constant term not different from zero. At the national level, the coefficient for beta is also different from the expected market return, and the constant term is also statistically different from zero.
In sum, the positive ! implication from CAPM is pervasive in the data at virtually all levels of aggregation. The more stringent test of
The zero constant implication is also harder to come by although we emphasize again that this result might reflect that our assumption of a zero risk-free rate were in fact inappropriate.
[INSERT Table 11 ]
Finally, as argued earlier, kinship networks may constitute informal institutions that lead to the environment consistent to the assumptions in our model. We present in Table 11 the regressions using network as our definition of aggregate economy (or market). We present only the results of the networks with more than 15 households. There are eight of them. All are from different villages (one from Buriram, three from Lopburi, and the remaining three from Srisaket). The results are largely consistent with what we reported earlier, especially the networks in Srisaket. The explanation is that those three networks in fact accounted for a majority of households in their village.
[INSERT Figure It is important to note that the positive relationship between beta and expected (or mean) return could be driven by measurement errors if measurement errors of household ROA are positively correlated with measurement errors of village ROA. This concern is of course possible in our data since the survey data are in general subject to measurement errors. However, the bias from measurement errors in our results may not be severe for two reasons. First, when we compute the village ROA for each household in the firststage time-series regressions, we exclude the household itself from the calculation. Second, although one could argue that the problem may remain if the measurement errors of the household are correlated with the measurement errors of other households in the village. For example, if we use the same village-wide price of rice to calculate the revenue (hence income and ROA) of all of the households in the village, measurement errors in price will lead to positive correlation between household ROA and village ROA. In our sample, however, common village-wide prices are used only for the calculation of revenue from rice (or some other agricultural outputs). For other production activities, we use the direct answers on revenue from those production activities to compute household ROA. Since our empirical results hold for both villages with and without major revenues from cultivation, we do not think that this problem is very serious in our study.
Risk Premium versus Productivity
Although empirical tests of CAPM using returns on corporate stocks traded on the markets such as New York Stock Exchange yield less than satisfactory results, practitioners commonly use CAPM to adjust for risk when they compute the cost of capital for project investment. They also use CAPM to compute risk-adjusted returns that are used to compare the performance of the securities. In development economics, the (simple) rates of return on assets and equity are usually used as a measure of performance or productivity of a firm or a household enterprise. The returns to assets and equity however do not take into account that higher expected returns could incorporate the compensation for the higher risk in certain production activities. In order to compare household productivity in a cross section, we need to compute risk-adjusted returns, i.e. the returns not driven by the riskiness of the production technology. The practice in financial industry provides us with an appropriate insight that we can apply to the study of productivity of household enterprise in development economics. In other words. we should use risk-adjusted returns when we would like to compare the productivity of the assets, and we should adjust risk not by its idiosyncratic movement but instead by its comovement with the market.
Household Alpha
Again, the model gives us the null hypothesis that the constant ! j for the portfolio of assets operated by household j be zero for each of the time-series regressions at the household level. Only the risk of the (portfolio of household's) assets, or the household beta, ! j , determines the excess return of the assets.
In reality, the ! j is not necessarily zero as there are several factors that make the excess return of the asset higher than what is predicted by the model. In the conventional CAPM context, Jensen (1967) argues that ! j could be interpreted as the "abnormal" return of an asset. In fact, financial practitioners use Jensen's alpha as a measure of performance of an asset (or a fund manager). We follow this tradition, thinking of ! j as a how well household j manages its assets in generating income. We compute household j's alpha, and then use it as our measure of risk-adjusted rate of return.
Results from the Townsend Thai Monthly Survey
We apply the idea of Jensen's alpha to the households in the Townsend Thai Monthly Survey. We start with the monthly real rate of return on fixed assets (adjusted for labor compensation as discussed earlier). We then compute the asset beta for each household using the village as the aggregate economy or the market. We again assume that the return on the risk-free asset is zero in our sample so the excess return of household assets is identical to the return itself. We compute the risk premium for each household, defined as the product of the household beta and the village's expected return. We compute the household's alpha by subtracting the risk premium of the household from the expected return of the household's tangible assets. 16
[INSERT Table 12 ] Srisaket became negative when we used the entire sample as the market. Note that we should be careful in interpreting the estimate of alpha's in the absolute term because they are computed under the assumptions that the risk-free rate was zero and that the expected return of the asset was determined only by its non-diversifiable risk.
Household Characteristics, Risk, and Return
Finally, we explore further whether household rates of return are correlated with household characteristics such as demography and initial assets. We then analyze whether such characteristics affect the return through the risk (beta) channel or through the abnormal return (alpha) channel. The first part of this exercise in similar to that of Pawasutipaisit and Townsend (2009), but we repeat some of the analysis here for the particular sample we are using to set up the contrast, with and without controlling for each household's beta.
[INSERT Table 13] In this section, we use the province as our definition of market. (See the appendix for results at the village level and at the entire sample.) When we add beta as an additional explanatory variable, some striking results appear, as shown in the even columns of Table 13 . First, confirming our earlier findings from a simple regression in Table 10 (columns 1 to 4), the coefficients for beta remain strongly positively significant even when we control for household demographic characteristics. Risk as measured by the co-movement of household ROA and provincial ROA is associated with higher average ROA of the households. Second, once controlling for beta, none of the demographic variables for Chachoengsao and Srisaket remains statistically significant although some of the demographic variables for Buriram and Lopburi are still significant.
[INSERT Table 14 ] Table 14 analyzes the relationship between household occupations and average ROA. The explanatory variables in this table include household initial assets and the shares of time spent on crop cultivation, fish and shrimp farming, livestock farming, and household business. 17 The results from the odd columns show that household initial assets are negatively correlated with average ROA. For each of the four provinces, the choice of occupations seems to be related to household average ROA. The share of times that the households spent on various production activities (as compared to the omitted category, i.e. wager earning) is frequently statistically significant. When beta is included as an additional explanatory variable in the regressions, we find that the regression coefficients for beta are always positive and strongly statistically significant. Again, this result reinforces our previous findings that average return is positively correlated with risk as measured by beta. In addition, once beta is included in the regressions, most of the effects of household occupations on household average ROA become weaker or disappear, suggesting that beta and household occupations are correlated.
[INSERT Table 15] 17 As mentioned earlier, the Townsend Thai Monthly Survey classifies household occupations into five broad categories: crop cultivation, fish and shrimp farming, livestock farming, household business, and wage earning. The shares of time spent on all of these five occupations sum to one. In the regressions in Table 14 we do not include the share of time spent on wage earning activities to avoid multicollinearity. Therefore, the coefficients of the shares of the four occupations must be interpreted as the differences of the effect from the share of time spent on wage earning activities. The right panel of Table 15 uses alpha, our measure of abnormal return, as a dependent variable. For households in Chachoengsao, household occupations did not seem to affect the abnormal return. For Buriram, fish farming is related to negative abnormal return. The relationship is positive for livestock farming in Lopburi, but the findings are reversed in Srisaket. In sum, although the relationship between household occupations and the abnormal returns, as measured by alpha, is diverse across provinces, the results show that abnormal returns seem to be related with household's occupational choice.
[INSERT Table 16] Finally, Table 16 presents the relationship between household's occupational choice and household demography. It is clear from the top-left panel that cultivation households tend to be the ones with lower educational attainment (all provinces but Chachoengsao), older household members (Chachoengsao and Lopburi), and more male members (Chachoengsao and Srisaket). The relationship between household demography and other occupations seem to be minimal.
In conclusion, although the findings in sections 5 and 6 illustrate that some predictions of our model are rejected, our main findings suggest that household average return, as measured by household's average adjusted ROA, is strongly associated with risk, as measured by the co-movement between household ROA and market ROA. The results are robust when we use village, province, entire sample, or network as our definition of aggregate economy or market. The results are also robust when we add to the regressions other household characteristics, including household demography, initial assets, and household occupations. In many regression specifications, risk as measured by beta turns out to be the sole variable that explains household average return. This finding has an important policy implication on economic development: Higher return on assets of a household may not imply that the household is more able or more productive than others. The higher (average) return could well reflect the fact that the household is engaged in more risky production activities and therefore compensated for the higher risk in the form of higher average return. This implication in turn reinforces the importance of a highfrequency household survey that allows researchers to compute the co-movement of returns, something that could not be done in a one-shot survey.
Village Equity Premium
Parallel to the asset pricing literature, our model can be used to compute the implied coefficient of relative risk aversion of the households. Although we have consumption data that could be used to calculate the relative risk aversion coefficients at the household level, we refer the reader to Chiappori, Samphantharak, Schulhofer-Wohl, and Townsend (2009) . In this section, we will focus only on the estimates when we use the aggregate data at the village, province, and entire sample to calculate the coefficients of relative risk aversion, and compare our results with the findings in finance literature that used aggregate consumption from national income accounts and the return of assets from stock markets.
Mean-Variance Frontier and Hansen-Jagannathan Bound
We start with equation (3), which in turn was derived from the Euler equation,
Since by definition of correlation coefficient
This equation equivalent to the Hansen-Jagannathan (1997) bound. Note that the left hand side of this equation
is the Sharpe ratio of the portfolio of the assets of household j, as presented in Table 7 . The Hansen-Jagannathan bound implies the mean-variance frontier, which plots the expected return E R , it must lie on the frontier. Therefore, the Sharpe ratio of the village portfolio is also a slope of mean-variance frontier. For the village portfolio, the Hansen-Jagannathan
If we impose two more additional assumptions on the structural form of the utility function that (a) utility function takes the form of power utility function, which implies
, where ! is coefficient of relative risk aversion, and (b) consumption growth is lognormal, then we have
where ! ln c is the consumption growth of the representative household.
Mehra and Prescott (1986) study the relationship between consumption growth and stock return using the aggregate U.S. data during 1889-1978. During this period, the average stock market return E R M / ! " # $ was 9%, the average risk-free rate was 1%, and the standard deviation of the market return ! R M / ( ) was 16%. Therefore, the Sharpe ratio of market portfolio is (9-1)/16 = 0.5. Since the standard deviation of aggregate consumption growth ! ln c in the U.S. was 1%, i.e. 0.01. This implies a very high coefficient relative risk aversion ! of 50. This is known in the literature as "the equity premium puzzle." 18
Equity Premium and Coefficient of Relative Risk Aversion from the Townsend Thai Monthly Survey
We apply the idea from Mehra-Prescott (1985) computed as total net income in the village divided by village total asset (simple average between beginning and end of month). Again, net income is also net of compensation to household labor. Consumption growth is a log difference of total consumption. Consumption is in real term, adjusted for inflation using the same CPI as those used to adjust ROA. Again, we assume that the real risk-free rate in the sample is zero.
[INSERT (1985) .
When expanding the definition of the aggregate economy from village to province and to entire sample, the implied coefficients of relative risk aversion becomes larger and larger, as reported in panels B and C of Remarks All the numbers are first computed as average monthly average for each household, then averaged across all households in each village. The monthly average is over 84 months from January 1999 to December 2005. The currency unit is million baht. A household is considered to be in a network if it has at least one of the following relatives living in the same village: parents of household head, parents of household head's spouse, siblings of household head or of household head's spouse, or children of household head. Network density is the number of other households in the same village that connect to the household by kinship.
Remarks
Remarks:
A household is considered to be in a network if it has at least one of the following relatives living in the same village: parents of household head, parents of household head's spouse, siblings of household head or of household head's spouse, or children of household head. Network density is the number of other households in the same village that connect to the household by kinship.
A household is considered to be in a network if it has at least one of the following relatives living in the same village: parents of household head, parents of household head's spouse, siblings of household head or of household head's spouse, or children of household head. Network density is the number of other households in the same village that connect to the household by kinship. (January 1999 to December 2005 . SD ROA is standard deviation of monthly adjusted ROA over the same period. Sharpe ratio is computed as SD ROA divided by absolute value of Mean ROA.
Remarks: Unit of observations is households. ROA is return on total assets adjusted for labor income, reported in annualized percentage. Mean ROA is simple average of monthly adjusted ROA for each household over 84 months (January 1999 to December 2005 . SD ROA is standard deviation of monthly adjusted ROA over the same period. Sharpe ratio is computed as SD ROA divided by absolute value of Mean ROA.
Remarks: Unit of observations is households. ROA is return on total assets adjusted for labor income, reported in annualized percentage. Mean ROA is simple average of monthly adjusted ROA for each household over 84 months (January 1999 to December 2005 . SD ROA is standard deviation of monthly adjusted ROA over the same period. Sharpe ratio is computed as SD ROA divided by absolute value of Mean ROA. Remarks: Unit of observations is households. ROA is return on total assets adjusted for labor income, reported in annualized percentage. Mean ROA is simple average of monthly adjusted ROA for each household over 84 months from January 1999 to December 2005.
Remarks: Unit of observations is households. ROA is return on total assets adjusted for labor income, reported in annualized percentage. Mean ROA is simple average of monthly adjusted ROA for each household over 84 months from January 1999 to December 2005.
Remarks: Unit of observations is households. ROA is return on total assets adjusted for labor income, reported in annualized percentage. Mean ROA is simple average of monthly adjusted ROA for each household over 84 months from January 1999 to December 2005. Unit of observations is household. Each column reports a regression result for each village in the four province. Household's mean adjusted ROA is the average of household adjusted ROA over the 84 months from January 1999 to December 2005. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple time-series regression of household adjusted ROA on village ROA over 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Unit of observations is household. Each column reports a regression result for each village in the four province. Household's mean adjusted ROA is the average of household adjusted ROA over the 84 months from January 1999 to December 2005. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple time-series regression of household adjusted ROA on village ROA over 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Unit of observations is household. Each column reports a regression result for each village in the four province. Household's mean adjusted ROA is the average of household adjusted ROA over the 84 months from January 1999 to December 2005. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple time-series regression of household adjusted ROA on village ROA over 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Household's mean adjusted ROA is the average of household adjusted ROA over the 84 months from January 1999 to December 2005. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed from a simple time-series regression of household adjusted ROA on provincial ROA over 84 months. For columns (5), Beta is computed from a simple time-series regression of household adjusted ROA on the ROA of the entire sample over 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Remarks: Unit of observations is household. Household's mean adjusted ROA is the average of household adjusted ROA over the 84 months from January 1999 to December 2005. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed from a simple time-series regression of household adjusted ROA on provincial ROA over 84 months. For columns (5), Beta is computed from a simple time-series regression of household adjusted ROA on the ROA of the entire sample over 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Remarks: Unit of observations is household. Household's mean adjusted ROA is the average of household adjusted ROA over the 84 months from January 1999 to December 2005. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. For columns (1) to (4), beta is computed from a simple time-series regression of household adjusted ROA on provincial ROA over 84 months. For columns (5), Beta is computed from a simple time-series regression of household adjusted ROA on the ROA of the entire sample over 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. Beta is computed from a simple time-series regression of household adjusted ROA on network ROA over 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. Share of time spent on crop is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Initial asset is the household total assets at the beginning of January 1999. Beta is computed from a variance of the error terms from a simple time-series regression of household ROA on provincial ROA over the same 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Remarks: Unit of observations is household. Household's mean adjusted ROA is the average of household adjusted ROA over the 84 months from January 1999 to December 2005. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. Share of time spent on crop is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Initial asset is the household total assets at the beginning of January 1999. Beta is computed from a variance of the error terms from a simple time-series regression of household ROA on provincial ROA over the same 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Remarks: Unit of observations is household. Household's mean adjusted ROA is the average of household adjusted ROA over the 84 months from January 1999 to December 2005. Adjusted ROA is rate of return on household's total asset, computed by household's net income (net of compensation to household labor) divided by household's average total assets over the month. The adjusted ROA is then annualized and presented in percentage points. Share of time spent on crop is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Initial asset is the household total assets at the beginning of January 1999. Beta is computed from a variance of the error terms from a simple time-series regression of household ROA on provincial ROA over the same 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Initial asset is the household total assets at the beginning of January 1999. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Remarks: Unit of observations is household. Share of time spent on crop is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Initial asset is the household total assets at the beginning of January 1999. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Remarks: Unit of observations is household. Share of time spent on crop is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Initial asset is the household total assets at the beginning of January 1999. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. crop is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Male (female) is the number of male (female) household members, averaged over 84 months from January 1999 to December 2005. Average age (education) is computed in two steps. First, we compute the average age (education) across all household members in each month. Then, we compute the time-series average of the cross-sectional average for each household over the 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Remarks: Unit of observations is household. Share of time spent on crop is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Male (female) is the number of male (female) household members, averaged over 84 months from January 1999 to December 2005. Average age (education) is computed in two steps. First, we compute the average age (education) across all household members in each month. Then, we compute the time-series average of the cross-sectional average for each household over the 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Remarks: Unit of observations is household. Share of time spent on crop is the total number of hours spent on household's own crop cultivation activity over the 84 months, divided by the total number of hours spent on all productive activities (crop, fish, livestock, business, and wage earning) during the same period. Shares of time spent on other activities are defined similarly. Male (female) is the number of male (female) household members, averaged over 84 months from January 1999 to December 2005. Average age (education) is computed in two steps. First, we compute the average age (education) across all household members in each month. Then, we compute the time-series average of the cross-sectional average for each household over the 84 months. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
